Abstract-In order to improve comfort in abdominal ultrasound scanning, reduce operator dependency and increase image resolution, a novel method for automatic ultrasound cervix scanning, especially for developing countries, has been developed. To determine the reference scanning point for customized diagnosis procedures, personalized scanning algorithms based on umbilicus detection are utilized. The setup consists of three linear motors controlled by an ATmega328 microcontroller and is based on real-time data of an IR sensor as feedback information. For testing purposes 10 subjects were scanned using a robotic platform. Robotically acquired data were compared with manually taken ultrasound images. Safety and image quality have been evaluated and approaches developed to counteract mentioned deficits. A correlation analysis as well as image quality classification between histograms and probe pressure image data was performed. Results show an automated method for personalized ultrasonography with a maximum accuracy of the defined scanning reference being 98.4 % for one dimension. It can be concluded that simple image processing techniques like 3D reconstruction and merging in combination with robotically guided ultrasound probe motion are highly efficient to counteract existing ultrasonography deficits. Future works consider the application of automated ultrasonography on related medical fields.
I. INTRODUCTION
Referring to the most recent cancer statistics provided on the World Health Organisation (WHO) database, maintained by the International Agency of Research on Cancer (IARC), cervical cancer represents the second most common cancer in women worldwide. The international incidence rates of cervical cancer show that almost 80 % of cervix cancer cases occur in low-income countries [1] . Therefore, in developing countries like Malaysia, cervical cancer has become a serious problem and is currently part of discussions in health Politics [2] . According to WCRF International the new incidence rates worldwide of colorectal cancer show that with a number of 614,000 in the year of 2012, this cancer represents nearly 10 % of all international cancer cases [3] . It can be seen that cancer types occurring in the abdominal area are dominating in the list of all cancers in females as well as males worldwide. In order to decrease the number of abdominal cancer cases by improving the diagnosis of these malignances, an approach on the automation of ultrasonography based on a personalized setup [4] consisting of a starting point with the lowest risk factors and costs will be presented here [5] . Although, ultrasonography is highly operator dependent and provides a low contrast resolution [6] , it is used to evaluate the size and extent of tumors [7] . Among existing imaging techniques, ultrasound is preferred in the examination of the abdomen. It is affordable compared to MRI and CT [8] , widely available, noninvasive, non-ionizing [9] and painless [10] . Ultrasonography is a medical imaging technique that uses high frequency sound waves [11] and their echoes [12] . The technique is similar to the echolocation used as SONAR by submarines [13] .
The machine displays the distances and intensities of the echoes on the screen [14] forming a two dimensional [15] image [16] . Table I shows a basic comparison of existing technologies for abdominal cancer visualization. However, the use of ultrasound in medical examinations encompasses some limitations. A major drawback of ultrasonography is high operator dependency [17] . Since image acquisition is complex, diagnostic accuracy in ultrasound is directly related to skills, training and experience of the operator [18] .
Moreover, experience is highly required in analyzing and interpreting the anatomical appearance of malign structures [19] . Each operator may interpret one and the same ultrasound image of cancer differently [20] . Concerning the limited capabilities of ultrasound in cervix imaging, it is important to develop alternative approaches to remove the current disadvantages. Autonomous systems can help in minimizing operator dependency, to increase reproducibility and thus to increase comparability of image data for further diagnosis. One approach towards this represents the usage of linear motors performing the abdominal cervix scan. Its high accuracy in moving the transducer probe and stability in keeping a desired pose [21] allow to acquire highly comparable data [22] . Currently, there are no automatic systems developed for abdominal ultrasound diagnostics like the proposed system [23] . A. Ultrasound Safety Considerations Besides its apparently excellent safety record, medical ultrasonography still exposes energy in the organic tissues [24] . There appear biological effects if high power in combination with long exposure time is applied. Due to its thermal effects, safe usage of this imaging method should be taken into consideration in clinical applications. In order to correlate potential ultrasound effects with exposure, a characterization of the ultrasound beam is essential [25] . In this work, brightness mode (B-mode) imaging will be applied to acquire 2D ultrasound images of the human cervix.
B. Effects of Ultrasound Imaging
In contrast to Doppler diagnosis, B-mode imaging has not demonstrated to produce harmful temperature rises in the body [26] . However, a basic approach towards safe use of ultrasound is the as low as reasonably achievable (ALARA) principle. Two indices are introduced here: mechanical index (MI) and thermal index (TI). Whereas, MI is associated with the degree of cavitation bio-effects, TI indicates the tissue heating bio-effect. Cavitation is a non-thermal bio-effect, which takes place when small gas bubbles oscillate, increase in size, and collapse due to the influence of ultrasonic field [27] . Thermal effects indicated by TI, may result in the increase of tissue extensibility, blood flow but also reduction in joint stiffness and muscle spasm. Fig. 1 follows the guidelines for the safe use of diagnostic ultrasound equipment provided by the British Medical Ultrasound Society (BMUS) and shall give an overview about the relation between recommended scanning time and metric TI. It can be obtained that with increasing TI, the recommended scanning time decreases. At this point it can be concluded that a compromise between scanning time and TI needs to be defined in order to achieve the highest possible image quality with regards to safety requirements. Therefore, a TI value between 1.5 and 2.5 will be used.
C. Intensity and Exposure Time
A typical diagram is illustrated in Fig. 2 showing the intensity of the ultrasound beam with given frequency against the exposition time. The duration used image the inner organs of the human body is restricted by the time the ultrasound is exposed to the body.
In Fig. 2 safe, critical and unsafe area are indicated. It can be seen that with increasing scanning time, the frequency needs to be adjusted in order to stay inside the area of safe usage of the clinical ultrasound. In Fig. 2 guidelines of the American Institute of Ultrasound in Medicine (AIUM) regarding the ultrasound intensity and allowed exposure time are shown. The beam frequency should be high for lateral resolution but depends on the depth of the organs, which need to be scanned. In order to image the cervix with the highest duration for reconstruction purposes and panoramic views, the highest scanning time possible for best possible results is required. Being here restricted to safety specifications, a compromise needs to be made. Therefore, a maximum intensity of 0.01 Wm 2 is chosen to be applied. This is illustrated by the dashed red line in Fig. 2 .
II. DESIGN AND IMPLEMENTATION
It is important to develop alternative approaches to minimize the current disadvantages in ultrasound imaging due to the limited capabilities of ultrasound in cancer imaging. The suggested setup for automatic ultrasound scanning shall be cost-effective, stable and provide a high movement resolution. An algorithm was developed and allows operator independent detection of the umbilicus on the abdominal surface. The control scheme of the developed system can be seen in Fig. 3 . It can be obtained that three motors receive data from the Atmega328 Microcontroller. Furthermore, the gear used to transmission the movement to the linear motion system and the motors used for the generation of motion proportional to the signal of the drivers. The electrical part consists of drivers, which provide voltage according to data they receive from the controller. The last part involves computing. The three motors satisfy the movements in three dimensions. These motors also move the position of the Infrared (IR) sensor.
This sensor sends data to the microcontroller, which analyzes the values according to the algorithm input from the computer and regulates subsequently the position of the sensor by correcting the movement commands of the motors [28] . The ultrasound machine used here was the TOSHIBA APLIO-MX ultrasound system. 
A. Characteristics for Abdominal Scanning
The IR sensor being the main part of this setup is attached to the transabdominal ultrasound probe and its mechanic holder. The setup was tested using two phantoms and 10 subjects. The characteristics of the subjects can be seen in Table II . Adult subjects, listed with the capital letter S and a following number, were scanned. All of the subjects were female. The youngest subject was 21 years old, whereas the oldest was documented with 36 years. The letter A represents the age. Here, C refers to the circumference of the abdomen. It is important since the abdominal detection for the umbilicus is different in the case large abdominal tissue is available or if the opposite case holds true. The letter H represents height. The letter W referring to weight can be seen as an indicator for the body mass in relation to height and therefore and index for abdominal mass. UV refers to the distance between umbilicus and pubic bone. Fig. 4 displays the algorithm for the motor and driver control in order to localize the umbilicus. The algorithm consists of eight decision steps. The starting point marks the position of the three motors with Xi, Yi and Zi being here zero indexed. Subsequently, destination and data acquisition represents the approximation of the umbilicus based on personalized values calculated for each subject on the basis of the parameters from Table II according to (1).
B. Umbilicus Detection
where ISA represents the individual scanning area defining the extreme points of the frame of probe movement as shown Values for ISA in this setup range between 7000 and 12000, where 1000 points define a 1 cm wider scan range leading to a 4 times bigger scan window for subject S10 compared to S2 for example. The direction and pulse are subsequently set. Meanwhile, to the movement of the transducer and therefore the IR sensor, the values for the sensor are sent to the microcontroller and compared with experimentally predefined thresholds. Experiments show that a threshold between 360 mV and 380 mV delivers the required results for the detection of the umbilicus. In the case that the values differ from the threshold, the motor will be continuously moved until the values overlap and the motors stops automatically. The third method shows the approximation of the umbilicus by orbiting the in 90 ° angulations defining a small circle at the starting point and resulting in bigger circles in the end. This approach showed the highest rate of success in umbilicus approximation and was therefore used in this setup. 
C. System Setup
The mechanical movement extension restricts the automatic scan [29] . Fig. 5 shows the setup for the reference scan using operator dependent parameters. There are two subfigures provided. The first one displays the side view, whereas the second one shows the top view. The allocation of the parameters is displayed. The letter U represents the umbilicus, whereas V stands for the end of the pubic bone. Moreover, Fig. 5 shows the setup for the detection of the umbilicus shown in side and front view. An IR sensor was attached to the probe holder. The voltage output of this sensor is a function of the distance between the sensor and the reflected IR waves. Because of the differing position of the sensor referring to the probe, a shift of 2.5 cm needs to be corrected in order to adjust the position of the probe for subsequent scanning. This is done after successful detection. The analog output of the IR sensor was connected to the digital converter of the μC in order to take subsequent distance measurements. On a distance between the sensor and the umbilicus ranging 4 cm to 20 cm, measurements were performed acquiring approximately 2 Million voltage values.
For this setup, the processor of the PC should be at least 2.66 GHz for the processing of the video grabber device, the Operating System (OS) should be at least Windows 2000 or any other OS like OS X 10.3 or Linux 2.6x. The hard disc should be able to store at least 5 GB, which represents 100 videos captured. The RAM should have a capacity of at least 256 MB. Out of these data, a distance between sensor and umbilicus marker of 3 cm was chosen because this value represents the highest voltage output. A squared object with an edge length of 3 cm was chosen as a marker for the umbilicus. This object was then placed above the umbilicus and used as a marker. The distance between marker and the highest point of the abdomen was set as 3 cm. The subjects were then placed on the patient bed, so that in lying position 5 linear probe motions parallel with the marker in a height of 3 cm distance from the marker could be performed. Then the subjects were scanned for 15 minutes per session. The time for umbilicus recognition was in the range of seconds. However, the duration depended on the starting point of the transducer probe and the position of the subject respectively. Humans can visually detect the umbilicus. However, in this setup human intelligence for umbilicus recognition will be substituted. Approaches towards Artificial Intelligence (AI) [30] based robotic systems may be considered for classification of data [31] . Fig.  6 shows a typical voltage output for the infrared scanning procedure above the abdomen.
III. RESULTS AND ANALYSIS

A. Scanning Safety
The feature of an emergency button is necessary, since safety for both, human and machine, is important. For the usage of the emergency button a frequency of 360,000 Hz and a resolution of 8,000 pulses per rotation was chosen.
This ensures, that the probe moves quickly from its actual position to the initial point. This is because any emergency case requires the ability for fast escape. Choosing the lowest resolution is even at the highest frequency too slow. Choosing the highest resolution is also not effective. Thus, a sufficient velocity was chosen according to the characteristics of the motor. This means, that for the actual position of the probe, which is located at the center of the linear robot, a maximum freedom of movement for the scanned subject can be ensured in emergency cases. From Table III it can be concluded, that the emergency button is working with a sufficient velocity according to human reaction capabilities [32] . The values for X and Y are therefore zero, because the emergency button only considers the Z-direction and no other directions. The first column is filled with zeros because to the point of time, the probe position is already in its initial point. The time required to set the probe into its initial point (2 seconds) is suitable for applications with occurring emergency cases.
B. Stop button
Coronal and sagittal images of the cervix have been taken. Moreover, the depth of the probe is displayed in Fig. 7 . Stop 1 represents soft touch. Whereas, stop 2 refers to medium pressure, stop 3 is already reported to be hard.
The last stop and simultaneous image capturing was performed for pain felt due to the probe depth in the lower abdomen. From image data, it can be seen that there is a correlation between probe depth and image quality. The more deep the probe is pushed into the abdomen, the better artifact causing gases can be pushed away and the closer the cervix can be examined. In order to better understand Fig. 7 , the first row will be analyzed. S1 provides images ranging a depth from 0.8 cm until 4.1 cm. The first stop indicates, that the subject experiences here soft pressure. The image quality is according to the low pressure less good compared to the following images. Moreover, the uterus and the cervix are less clear. In the next step, the stop button was pushed when medium pressure was felt. The depth has a value of 1.6 cm in this case. The structures of the uterus and consequently the cervix get more obvious. The third stop was pushed when hard pressure was felt on the abdomen. The image provides in this stage already more information and can be regarded as useful. However, the best image could be obtained with a probe depth of 4.1 cm. The details are at this stage more clearly differentiable compared to previous images. The hollow body of the uterus in this image is highly clear. D stands in Fig. 7 for the transducer probe depth measured from the surface of the abdomen.
C. Probe pressure and depth
Common transabdominal ultrasound scanning requires the contact pressure between the probe and the subject in order to achieve a good acoustic match. Another test was performed regarding the probe depth. Pressure must be applied evenly in order to get accurate direction of the scan. Therefore, operator dependent scanning is less suitable than automatic for better image results concerning image quality. Table IV shows the allocation of quality values and the pressure applied. The image quality parameters have been determined on the basis of anatomic landmarks used as reference points. Since the correct pressure application of probe can be used to considerably improve the image quality, probe depth was analyzed. Pressure affects the echogenicity of tissue and shortens the distance to cervical structures. All values are based on contrast properties of images by comparing their histograms. Here, it can be obtained, that in three out of ten cases, the highest pressure could not deliver best image data. Excessive pressure, however, can cause discomfort to the subject. It is assumed that too high pressure causes cramping as a protective reaction and thus influences the imaging procedure and its results. On the basis on the analysis results of an experienced sonographer, the image quality of resulting image data could be defined. This analysis considers contrast, boundary of cervix as well as artefacts. Image quality indicators from 1 to 4 were utilized. Number 4 stands for the lowest and number 1 for the highest pressure applied on the abdomen. All these values reflect subjective impressions of ultrasound probe pressure. Detail contrast can have a significant visual impact on the ultrasound image. This is because it emphasizes texture, so that the cervix appears with a higher number of details and more pronounced highlights. Therefore, the histogram approach for image quality analysis was chosen. The histograms for three subjects are displayed in Fig. 8 . Subject 5 and 7, show the expecting result, being higher contrast followed by higher pressure. As shown for the last case, the histogram has less contrast for the image under pain than under hard pressure. For each case, soft pressure leads to less contrast in the image, whereas medium pressure increases the contrast. The contrast quality between hard pressure and pain cannot be unambiguously correlated, see Fig. 9 . This is case specific and shows the requirement of a pressure feedback using the previously introduced stopbutton. In the following, three applications shall be introduced, explaining in how far data, which are acquired by the system, can be used. First, two approaches in improving the image quality on the basis of resolution will be explained. Subsequently, the usage of the scanning system for ultrasound based panoramic views will be explained. Finally, an example using 3D reconstruction will be shown.
D. Resolution improvement
The first approach for improving the ultrasound scanning resolution is based on the idea of combining two or more scans with spatial shifts ΔX into a single scan as shown in Fig. 10 . Merging ultrasound images with restricted detail information leads to the increase of information, which improves the resolution and consequently follows into a higher image quality. For this method, it is useful to have a scanning system like the one developed in this work. Such a system enables the motion of the scanning transducer probe in very small steps, so that the ultrasound probe crystals, which miss the information located in the area of their gaps can be still acquired. Moreover, for this purpose it is important to move the probe with a high accuracy, which can only be provided by machines, currently. Assuming that an ultrasound probe of a length of 6 cm is covered with 120 crystal elements, the resolution would be 0.5 mm according to (2) .
Such a resolution is often not sufficient in providing reliable information on tissues, which could be affected by cancerous cells. Therefore, the necessity exists to improve the resolution. Piezoelectric crystals convert electricity into sound and the other way around. The distance between each crystal element is defined as ΔX. A static scan of a phantom containing several elements of the size of the crystals and the distance between them, apparently provides only half of the information originally existing. The motion of the probe in a distance of exactly ΔX leads respectively to the result that only those phantom details are displayed, which were ignored by the beam due to the gaps. Having two scans now with a shift of the size of the crystal to crystal distance does not provide a better image quality. Nevertheless, the combination of both images into one image leads to doubled information details. Such a merged image is of higher value for subsequent analysis procedures. Another step towards improving the resolution of ultrasound image data is based on the reconstruction of 3D data from 2D ultrasound images as shown in Fig. 11 . Taking into consideration, that an ultrasound phantom consists of single structures being separated from each other in a distance of 20 μm, a static scan with the average resolution of 0.5 mm or even a dynamic scan of a scanning resolution of 20 μm and more are not sufficient to differentiate existing line structures. In order to do so, a dynamic scan with a shift of less than 20 μm is required to obtain the single lines. Here, the figure can be divided into three parts. Part A shows the phantom, B displays single images for a scanning resolution of 10 μm and C shows the results for a successful and a failed reconstruction. The three images displayed below the phantom, show a shift of 10 μm. It can be seen that such a shift is sufficient to display the lines clearly as single structures. After reconstructing images with a shift of 10 μm or even lower, an accurate representation of the phantom can be achieved.
E. Panorama Scanning
In the case, that the shift is equal or bigger than the distance between the lines, the 3D representation would be similar to the crossed representation, which is a wrong representation according to the phantom. However, such a shift needs to be highly accurate, which cannot be provided by a manual scan procedure. Therefore, on the basis of the previously shown results of the system, a possible application would also be the here introduced improvement of 2D ultrasound images on the basis of shift related 3D reconstruction. High resolution ultrasound data usually provides a limited field of view. For the visualization of larger volumes, a composition of the images is required. The most appropriate method to provide an extended field of view is panoramic scanning. Panoramas can be constructed by matching the images according to the location and orientation of the probe when it gets moved. The location of the probe and its motion are important parameters to subsequently display the anatomy in the same way it appears in nature. Therefore, the developed scanning system represents a suitable mechanism to provide the required accuracy in moving the probe. In order to test the performance of the system for providing panoramic scans, one phantom and a subject were scanned. For the phantom test 152 ultrasound slices have been acquired. The scanning resolution was set to 1 mm for a distance of 15 cm. The time required was 4.05 seconds with a frame rate of 37 fps. The phantom represents a mimicking tissue object containing an egg shaped item. In Fig. 12 , the coronal slices can be obtained. The object gets scanned from positive to negative X-direction. It displays its oval shape. Moreover, a smaller object is visible in the last two frames. It can be concluded at this point, that the system is able to scan short distances with low resolution in relatively short time. For the subject scan, three sequences of each 30.000 frames were acquired with a scanning resolution of 10 μm during a scanning time of three times 14 minutes. The distance of the scanning area was defined as 30 cm. The scanned medial and lateral tissues of the abdomen can be obtained in Fig. 13 .
F. 3D Reconstruction
According to previous considerations, automatic systems are highly suitable for the improvement of resolution in ultrasound images. In order to obtain the images, the software of [33] was used and modified according to the phantom image characteristics. Therefore, functions had to be adjusted.
Here, the results of two approaches, being manual and automatic scanning, are compared after 3D reconstruction based on volume rendering. This can be obtained from Fig. 14. Fig. 14(a) shows the front view on the automatically acquired slides captured with coronal probe orientation. The interpolation results of two lines are displayed after sagittal cut Fig. 14(c) . Fig. 14(b) represents the front view of the manually acquired frames captured with coronal probe orientation. After interpolation, the sagittal view on one line is shown in Fig. 14(d) . For this purpose, a tissue mimicking phantom for lateral scanning resolution testing was used. For both setups a total of 1021 frames was captured within a time of 13.5 seconds per scan. The distance of the scanning area encloses 5 cm. The scanning resolution of the system was set to 100 μm. In the case of automatic scanning, two lines of a diameter of 1 mm are displayed in their straight appearance after 3D reconstruction. The manual scan displays a line of 1 cm in diameter. The white areas surrounding the line shall be ignored at this stage. Due to the fact that the data acquired by the use of freehand scanning includes variations in pressure and changing velocity, the line is shown irregularly after reconstruction. This may lead to misinterpretations of the actual structure. From these results, it can be concluded that manual scanning is highly unsuitable for accurate scan purposes and requires the substitution by a machine, like the automatic cervix scanning system.
G. Application and Testing of Umbilicus Detection
It is necessary to define an unambiguous initial point for the purpose of automatic scanning. The scan can be performed faster if the starting point is located close to the umbilicus area. Thus, the umbilicus was chosen to be the starting point of individual scan procedures. This setup resulted in a correct detection of the umbilicus in all cases with an accuracy of 95.9 % for the X-plane and 98.4 % for the Y-plane. The voltage values from the microcontroller were plotted using MATLAB R2014a.
Spikes shown in the upper image of Fig. 15 are most probably caused by noise. Here, noise represents the impact of the surrounding light information like neon lamps used in the laboratory. In order to eliminate this undesired information, averaging was performed. After replacing the acquired data vector field by its average over time, an asymptotic approximation can be obtained. In the resulting curve a voltage output between 380 and 480 for one sequence can be seen. It displays the umbilicus marker at its highest point in 3D plot in Fig. 15 representing the highest voltage output recorded. This was performed in all cases.
H. Umbilicus Detection Accuracy
The accuracy of the umbilicus detection method is shown in Table VI . The parameters XS, XE, YS and YE refer to the start and end points in X and Y-plane. Errors have been observed, 5 mm in X-plane and 4 mm in Y-plane. This error refers to the axial correlation between marker and skin. It is the distance of the position of the transducer to the center of the umbilicus marker. The accuracy resulting for the X-plane is 95.9 % and for the Yplane is 98.4 %. These results show that the IR sensor approximates the umbilicus sufficiently high in order to perform abdominal scanning from this reference point.
This uncertainty of resolution in X-direction can be caused by light reflections of the skin during measurement or the fact, that human skin is close to the behavior of a black-body (Emissivity, 0.989 ± 0.01) [34] and therefore influences the axial accuracy. However, this approach can be replaced by a more accurate method in future if required. A resolution of 8000 pulses per rotation and a frequency of 50,000 Hz were set at this point. All sequences were started from the initial point of the probe with X0, Y0 and Z0. The times, required for detecting the umbilicus, range from approximately 2 to 15 seconds, depending on the position of the subject and subsequently on the distance from the initial point to the umbilicus. The total distance in Table V refers to the distance, which is moved by the probe from the initial point to the umbilicus position. It can be obtained that currently only an unidirectional umbilicus detection method is used. The other distance measured is DD and represents the distance moved over marker before detection. Due to the previously discussed accuracy errors of around 5 mm, the utilized method is subject to improvements.
IV. DISCUSSION
A linear robot was used to visualize the human cervix and has proved to provide advantages over manual ultrasonography. This system has been compared with two other robotic ultrasound systems. The first system compared is a 6 DOF industrial robot for automatic ultrasound system for lower limb examination [35] . The system mainly encloses a robotic arm for accurate manipulation of ultrasound probe, a scanning system for generating ultrasound images of the scanned area and a workstation that converts all position and torque data to commands and showed good results for the clinical evaluation of vessels. The performance evaluation of this system shows that a position accuracy of 0.62 ±0.29 mm could be achieved in replay mode, which was 0.02 mm higher compared to teach mode results. The inter-distance accuracy for teach mode was measured 0.43 ±0.32 mm, whereas for the replay mode, it was 0.42 ±0.33 mm. Finally, the teach/replay repeatability calculated was 0.10±0.22 mm.
The second system has been developed for automatic carotid artery examination. The systems main components are a master hand controller, a slave manipulator carrying the ultrasound probe and a computer control station. The operator remotely controls the probes position on the remote side. A resolution of 0.003 mm is reported here [36] . The linear robot tested in this paper allows a resolution up to 0.001 mm [37] and shows compared to both systems developed, the better performance.
Safety considerations were incorporated using initial point motions of the probe holder. However, this approach can get improved by the equipment of the holder using sensors in order to detect critical pressure.
Probe pressure must be applied evenly in order to get the accurate direction of the scan. Therefore, operator dependent scanning is less suitable than automatic for better image results concerning image quality. The pressure affects the echogenicity of the tissue and shortens the distance to the cervical structure. Moreover, image quality improvements were presented as low cost strategies in order to improve image resolution in ultrasound data. These include 3D image reconstruction using an already developed algorithm and the process of merging minimally shifted ultrasound image data. Furthermore, a precise panoramic scan of the abdomen was achieved using the linear robot in panorama scan modus offering a scanning length of 30 cm under constant pressure and with high movement resolution. This approach can be made autonomous by the usage of AI and control approaches allowing self-regulation by feedback information from sensors [38] . However, it is possible to consider the combination of the presented approaches with mobile applications [39] for procedure surveillance in terms of selfinterventions and quality control for the institute carrying out the specific procedure [40] . A clinical pathway may be created for personalized abdominal scanning [41] and online analysis using open source solutions [42] . However, results concerning specifically umbilicus detection in this paper have already been presented at the International Conference on Telecommunications and Signal Processing (TSP) [28] .
V. CONCLUSION
A stable and precise method enabling personalized ultrasound scanning and automatic umbilicus detection has been successfully developed. Test results show that the system is able to capture ultrasound images of phantoms and subjects with an accuracy of 95.9 % for the X-plane and 98.4 % for the Y-plane. Captured ultrasound images and positions can be used for the reconstruction of 2D and 3D panorama images for larger fields of view [43] . In order to improve the resolution of 2D panoramic view, it is recommended to use merging algorithms in combination with image registration and finite element modeling. However, it should be noted that this research does not aim at providing a ready to use device for clinical purposes since required guideline safety modalities were not considered at this point. Moreover, this study aims at improving existing ultrasound-based imaging methods by providing a motor-based scanning. Precise transducer probe movements allow accurate image capturing for subsequent processing of acquired data [44] . The analysis of ultrasound images containing abdominal structures allows a higher degree of operator independence. With this system, it is possible to perform automatic ultrasound cervix scanning with more comfort for the female patient focussing on biased cultural backgrounds as well as higher movement resolution and image quality. Furthermore, subject autonomy was achieved by defining acceptable pressure limits and the application of stop buttons for personal safety purposes [45] . This system will enable future operator independent task management [46] , not only for obstetrics related diagnosis [47] but also for other internal organ imaging tools combined with E-Health platforms [48] . Therefore, it can be concluded that the presented system is a suitable low-cost approach for developing countries.
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